L ung cancer is the most common cause of cancer-related deaths and the most commonly diagnosed cancer among Canadians -an estimated 26 600 Canadians were diagnosed and 20 900 died from lung cancer in 2015. 1 In Canada, the incidence of lung cancer is currently higher in men than in women (although this gap is beginning to narrow), and more than 85% of cases are related to smoking tobacco. About 44% of Canadians (12.6 million) smoke or have quit smoking. 2 Those with a history of heavy smoking are at the greatest risk for lung cancer. Smoking history is often measured in pack-years, which is the product of the average number of packs smoked daily and the number of years of smoking (e.g., individuals who smoked one pack a day [20 cigarettes ] for 30 years, or two packs a day for 15 years, would both have a 30 pack-year history).
Mortality is extremely high in late-stage lung cancer but much lower in earlier stages (5-yr relative survival rates for stage 4 and 1A lung cancer were 1% and 49%, respectively, in 2007). 3 Screening for lung cancer aims to detect disease at an early stage, when it may respond better to treatment and be less likely to cause serious illness or death. Therefore, such screening has been proposed as an adjunct to other methods for reducing the burden of lung cancer, including global tobacco control initiatives and interventions designed to encourage smoking cessation. 4 No organized lung cancer screening programs have been implemented in Canada.
Scope
This guideline is intended to provide primary care providers and policy-makers with guidance on screening for lung cancer, and replaces the previous 2003 Canadian Task Force on Preventive Health Care recommendations. 5 Since the previous recommendations were published, results from additional studies have been released, including one large randomized controlled trial (RCT) comparing lowdose computed tomography (CT), which uses less ionizing radiation than usual CT scans, with chest radiography. 6 Ongoing trials of screening with lowdose CT [7] [8] [9] [10] are expected to provide more evidence on the effectiveness of screening for lung cancer with low-dose CT. The current recommendations may be updated once these results are available or at least within five years.
Methods
The Canadian Task Force on Preventive Health Care is an independent panel of clinicians and methodologists that makes recommendations about clinical manoeuvres aimed at primary and secondary prevention (www.canadiantaskforce. ca). These recommendations were developed by a work group of six members of the task force and scientific staff at the Public Health Agency of Canada.
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Recommendations on screening for lung cancer
Canadian Task Force on Preventive Health Care*
• Adults between 55 and 74 years of age who are at high risk for lung cancer (i.e., those who smoke or who quit smoking within the past 15 years and who have at least a 30 pack-year smoking history) may benefit from screening for lung cancer with low-dose computed tomography (CT) every year for three consecutive years (weak recommendation).
• This weak recommendation implies that practitioners should have a discussion with their patients about the benefits and harms of screening for lung cancer with low-dose CT that includes information about false-positive results, adverse effects of invasive follow-up testing and overdiagnosis.
• Because of the potential for screening-related harms, low-dose CT and subsequent management should be done in health care settings with expertise in early diagnosis and treatment of lung cancer.
• Over 6.5 years, 322 people would need to be screened with low-dose CT to prevent one death from lung cancer.
• Because smoking is associated with 85% of incident lung cancer cases in Canada, tobacco control and smoking cessation are critical for reducing the morbidity and mortality owing to lung cancer.
• There is no clear benefit of low-dose CT screening for lung cancer in adults younger than 55 years and older than 74 years, or in those at a lower risk based on smoking history (i.e., adults who smoke with less than a 30 pack-year smoking history or adults who quit smoking more than 15 years prior).
• There is no benefit of screening for lung cancer with chest radiography (with or without sputum cytology), but there are known harms (e.g., false-positive results, adverse effects of invasive follow-up testing and overdiagnosis).
A systematic review to inform this guideline was conducted by the Evidence Review and Synthesis Centre at McMaster University (Hamilton, Ontario), with the aid of a clinical expert, who served as an independent advisor, and scientific staff at the Public Health Agency of Canada. 12 The systematic review evaluated the benefits and harms of screening for lung cancer on the outcomes of all-cause mortality, lung cancer-specific mortality, stage of lung cancer at diagnosis, rate of smoking cessation, false-positive results, adverse effects of invasive follow-up testing and overdiagnosis. 12 An outline of the analytic framework with key and contextual questions is available in Appendix 1 (available at www.cmaj.ca/lookup/suppl/ doi:10.1503/cmaj.151421/-/DC1). The Evidence Review and Synthesis Centre and the task force used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) system to determine the quality of evidence and strength of recommendations (see Box 1). 13 The literature search was based on the search done for the 2013 Cochrane review on screening for lung cancer.
14 The Cochrane review searched CENTRAL, MEDLINE, PREMEDLINE, and Embase up to May 2012. An updated search from May 2012 to Mar. 31, 2015, was performed using the same databases and search terms as the Cochrane review. Studies identified in the Cochrane review that also met the review criteria from the Evidence Review and Synthesis Centre were retrieved, and the data were extracted and included in the GRADE decision tables. For harms of screening, a new search was conducted for randomized controlled trials (RCTs) and observational studies to ensure that all literature related to the harms ranked as critical were identified; CENTRAL, MEDLINE, PREMEDLINE, and Embase were searched from 2000 to Mar. 31, 2015 . The complete systematic review is available at www.canadiantaskforce.ca.
An updated prepublicaton search was conducted in MEDLINE, Embase and CENTRAL from Mar. 31, 2015 to Jan. 20, 2016, which focused only on RCTs that addressed our critical outcomes.
The recommendations were revised and approved by the entire task force and underwent external review by academic and clinical experts in the area.
The task force uses a rigorous usability testing process to develop knowledge translation tools targeting various end-user groups (e.g., clinicians and patients) to accompany its guidelines. All tools are informed by feedback from clinicians (for clinician and patient tools) and patients (for patient tools) obtained through interviews, focus groups or surveys.
More information about the task force's methods can be found elsewhere 11 and at the task force website (http://canadiantaskforce.ca/ methods/methods-manual/). Recommendations are graded according to the Grading of Recommendations Assessment, Development and Evaluation system (GRADE). 13 GRADE offers two strengths of recommendation: strong and weak. The strength of recommendations is based on the quality of supporting evidence, degree of uncertainty about the balance between desirable and undesirable effects, degree of uncertainty or variability in values and preferences and degree of uncertainty about whether the intervention represents a wise use of resources. Strong recommendations are those for which the Canadian Task Force on Preventive Health Care is confident that the desirable effects of an intervention outweigh its undesirable effects (strong recommendation for an intervention) or that the undesirable effects of an intervention outweigh its desirable effects (strong recommendation against an intervention). A strong recommendation implies that most individuals will be best served by the recommended course of action.
Recommendations
Weak recommendations are those for which the desirable effects probably outweigh the undesirable effects (weak recommendation for an intervention) or undesirable effects probably outweigh the desirable effects (weak recommendation against an intervention), but appreciable uncertainty exists. A weak recommendation implies that most people would want the recommended course of action but that many would not. Clinicians must recognize that different choices will be appropriate for each individual, and they must help each person arrive at a management decision that is consistent with his or her values and preferences. Policy-making will require substantial debate and involvement of various stakeholders. Weak recommendations result when the balance between desirable and undesirable effects is small, the quality of evidence is lower, or there is more variability in the values and preferences of patients.
Evidence is graded as high, moderate, low or very low, based on how likely further research is to change our confidence in the estimate of effect (Appendix 2, available at www.cmaj.ca/www.cmaj.ca/lookup/suppl/ doi:10.1503/cmaj.151421/-/DC1).
A summary of the recommendations is shown in Box 2, and a clinical summary is provided in Appendix 2 (available at www.cmaj.ca/ lookup/suppl/doi:10.1503/cmaj.151421/-/DC1). The task force based the recommendations on the overall balance between the possible benefits and harms of screening for lung cancer, weighing the potential benefits of early disease detection against the harms of overdiagnosis and invasive follow-up testing.
These recommendations apply to adults aged 18 years and older who are not suspected of having lung cancer. These recommendations do not apply to individuals with previous lung cancer, or signs or symptoms of lung cancer.
Benefits of screening
The systematic review performed for the task force included 33 studies on lung cancer screening; 13 RCTs studied the benefits of screening.
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Seven low-quality studies evaluated screening with chest radiography (with or without sputum cytology), compared with no screening or less intensive screening (e.g., screening with chest radiography at longer intervals or advice to have a chest radiograph) and found small benefits in terms of early disease detection. Three low-quality trials compared annual screening with low-dose CT to no screening or usual care and found no difference in lung cancer-specific mortality (RR 1.30, 95% CI 0.81-2.11) or all-cause mortality (RR 1.38, 95% CI 0.86-2.22) after five years or less of followup. 12 A recent update of the literature search found one randomized study 15 presenting interim results on early detection of lung cancer with low-dose multislice CT (compared with no screening) in Germany after five years of follow-up. The addition of these new results to the all-cause mortality analysis did not significantly alter the results (RR 1.20, 95% CI 0.83-1.73).
Two studies were found that compared lowdose CT to chest radiography. Although screening with chest radiography is not considered standard care in Canada, these studies were included in the evidence review because prior studies had shown no differences in mortality outcomes between chest radiography and usual care. One of the studies included mortality outcomes (National Lung Screening Trial). 6 The National Lung Screening Trial (a high-quality RCT) reported a 15% reduction in lung cancer mortality (RR 0.85, 95% CI 0.75-0.96) and a 6% reduction in all-cause mortality (RR 0.94, 95% CI 0.88-1.00) associated with screening with low-dose CT compared with chest radiography after 6.5 years of follow-up. 16 This means that screening 1000 people with lowdose CT three times at one-year intervals prevents three deaths from lung cancer compared with screening with chest radiography (number needed to screen = 322). Screening with lowdose CT reduced the absolute risk of lung cancer mortality by 0.31% and of all-cause mortality by 0.46%. 12 Low-dose CT also detected significantly more cases of early-stage lung cancer (8 more per 1000 people screened) and significantly fewer cases of late-stage lung cancer (4 fewer per 1000 people screened) compared with chest radiography. Results from the second study 17 comparing low-dose CT and chest radiography were not pooled with results of the National Lung Screening Trial in the systematic review because of an incompatible follow-up period (≤ 12 mo), the small number of reported events (lung cancers) and no reporting of mortality outcomes. 12 Evidence from four studies showed no significant differences in rates of smoking cessation between the screened (low-dose CT or chest radiography) groups and the control groups. 12 The risk of bias for these studies was unclear because of the self-reported nature of this outcome.
Harms of screening
The harms of screening and invasive follow-up tests were informed by 31 studies, many with observational designs. 12 The main harms 
6,12 Some of these complications occur in people who receive a false-positive screening result. Data from 17 studies showed that 5 people per 1000 screened with low-dose CT received an unnecessary major invasive procedure for an ultimately benign condition (compared with 3 people per 1000 screened with chest radiography). 12 Overdiagnosis occurs when people who are asymptomatic undergo screening for lung cancer and a slow-growing cancer that would have never caused them any harm during their lifetime is detected and diagnosed. 18 Although current estimates of overdiagnosis for lung cancer vary by thresholds used and are based on limited followup, observational studies suggest that 2%-16% of lung cancers detected with chest radiography and 11%-26% of lung cancers detected with lowdose CT represent overdiagnosis. 12 Overdiagnosis often leads to unnecessary treatment (overtreatment), which can cause harm.
Performance characteristics of screening tools
The test characteristics of various low-dose CT technologies (e.g., multislice or helical) (but not chest radiography) were examined in the review performed for the task force. 12 The sensitivity of low-dose CT is high (80%-100%), but the specificity varies widely (28%-100%), likely contributing to the high frequency of false-positive results. Studies reporting on test performance found that a multislice CT, along with computerassisted reading and diagnosis and two independent radiologist readers, showed the highest sensitivity (94.6%) and specificity (98.3%). 12 By comparison, the National Lung Screening Trial trial used low-dose helical CT without computerassisted reading and diagnosis and one radiologist reader, and reported a sensitivity of 94.4% and specificity of 72.6%. 6, 12 The cut points for a positive low-dose CT result varied across studies (ranging from > 3 to > 10 mm). At present, there is no agreement on which cut point will optimize the balance between a reduction in mortality and minimizing harm.
Rationale
The findings of the National Lung Screening Trial 6 suggest that screening with low-dose CT may reduce lung cancer mortality in patients at high risk. However, this benefit was shown in only one RCT, and there are possible harms related to screening and invasive follow-up testing. In addition, although there is no reason to suspect that screening with chest radiography would increase the risk of death from lung cancer, the National Lung Screening Trial compared screening with low-dose CT versus chest radiography rather than comparing low-dose CT with no screening (indirect evidence). For these reasons, the task force has made a weak recommendation to offer screening with low-dose CT for men and women at high risk of lung cancer (adults 55-74 years of age with at least a 30 pack-year smoking history who smoke or used to smoke). The overall body of evidence supporting this recommendation is rated as low quality. Whereas one high-quality study (National Lung Screening Trial) helped inform the recommendation, 6 additional low-quality studies were used to address the critical outcomes. Following GRADE methods, the rating for the overall body of evidence must be based on the lowest-quality evidence used. Research currently underway may change our level of confidence in the benefit of low-dose CT screening for lung cancer, and we will reassess our recommendations once this new evidence is available.
The recommendation to screen the high-risk population places a higher value on a small benefit for reduced lung cancer mortality and the known poor prognosis of untreated lung cancer, 19 but a lower value on the risk of adverse effects, overdiagnosis and the lack of data comparing low-dose CT with no screening.
There were no low-dose CT screening studies involving adults at low or moderate risk of lung cancer, or who had other risk factors unrelated to smoking (e.g., exposure to radon), that examined the outcomes the task force identified as critical or important. Therefore, the overall body of evidence was rated as very low quality. Men and women who are not at high risk of lung cancer (i.e., those who smoke with less than 30 packyears of smoking history or those who quit smoking more than 15 years prior) would be expected to have lower absolute benefit of screening than the patients at high risk included in the National Lung Screening Trial but would still be susceptible to the potential harms (e.g., false-positive results, consequences from invasive follow-up tests and overdiagnosis) associated with screening. For these reasons, we strongly recommend against screening adults who are not at high risk or who have other risk factors for lung cancer unrelated to smoking.
We have made a strong recommendation against screening with chest radiography based on low-quality evidence because available evidence suggests that there is no benefit of screening with chest radiography on lung cancer-specific or all-cause mortality, but there are established harms (e.g., overdiagnosis, false-positive results and complications from follow-up testing).
Considerations for implementation
These recommendations apply only to adults who are not suspected of having lung cancer on clinical grounds. In adults with symptoms of lung cancer (e.g., hemoptysis, weight loss, dyspnea), regardless of age or smoking history, clinicians should consider diagnostic testing as clinically indicated.
A weak recommendation means that most eligible adults would want to be screened for lung cancer, but many may appropriately choose not to be screened. Primary care providers should discuss the potential harms and benefits of screening with patients at high risk of developing lung cancer based on age and smoking history. Providers should also consider overall health status when discussing this issue with patients, because reasonable life expectancy and suitability for treatment of lung cancer (if identified) is required to benefit from screening. People who place a higher value on a potential mortality benefit and are less concerned with the harms associated with screening (e.g., high false-positive rate, complications from follow-up testing) will be more likely to choose screening, whereas those more concerned with the harms and small mortality benefit may choose not to be screened.
Because the accuracy of detection and quality of follow-up investigations and management are critical to obtaining more benefit than harm, screening for lung cancer with low-dose CT should only be considered in settings that can deliver comprehensive care similar to or better than that offered in the National Lung Screening Trial 6 (e.g., centres with qualified radiologists and radiologic technologists, with examinations and diagnostic follow-up guidelines aligned with the study protocol and with expertise in the early diagnosis and management of lung cancer). Incorporation of nodule risk calculators may also decrease risk of overdiagnosis and rates of false-positive results. Implementation of these recommendations in settings without relevant expertise may decrease the benefit:harm ratio, potentially increasing the harms. The task force recognizes that low-dose CT scans and such expertise are not currently accessible in certain regions in Canada (e.g., rural and remote areas), and this is a consideration that policy-makers will need to address.
Patient values and preferences
Patient preferences on screening for lung cancer were assessed in seven studies included in the systematic review, 12 as well as de novo data collection conducted for the task force. The systematic review concluded that most participants in the high-risk group (i.e., adults 55-74 years of age who smoke or have quit smoking) had high willingness to participate in screening for lung cancer, motivated by their smoking history, belief that early detection improves health outcomes and a family history of lung cancer. 12 Potential barriers to participation included inconvenience of screening and negative experiences with health care workers or settings. Patients who were screened for lung cancer with low-dose CT did not feel substantial distress or anxiety. 12 In the judgment of the task force, the consistent evidence showing that patients at high risk are willing to be screened for lung cancer supports the recommendation for screening in this group.
The task force conducted a series of focus groups and a survey with 15 members of the public (mean age 63 yr [range 36 to 76 yr], 12 were female and 8 smoked or had quit smoking) to assess patient perceptions of these recommendations for screening for lung cancer. 20 In general, participants agreed that these recommendations were appropriate, beneficial and feasible, although some had concerns about access to low-dose CT scans and limiting eligibility to adults between 55 and 74 years.
Other considerations
It is possible that longer or more intensive screening might yield additional benefits, but this is speculative, since there are no RCT data to support such a recommendation. Although ongoing screening (i.e., more than 3 screens) might further reduce mortality, it might also lead to more false-positive results and complicatons from invasive follow-up testing, potentially disrupting the balance between the benefits and harms as reported in the National Lung Screening Trial study.
Smoking remains the primary risk factor for lung cancer; therefore, interventions to promote smoking cessation (which have benefits beyond decreasing the risk of lung cancer) should be incorporated into any screening program aimed at reducing lung cancer morbidity and mortality. Smoking cessation resources can be found in the Canadian Best Practices Portal of the Public Health Agency of Canada.
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Suggested performance measures
National-level quality indicators are currently being developed by the Pan-Canadian Lung Cancer Screening Network. 22 Additional suggested performance measures, although difficult to measure, include rates of discussion of screening for lung cancer using low-dose CT among populations at high risk and the proportion of potentially eligible adults receiving accurate information about the risks and benefits of screening (ideally using an evidence-based decision aid). Reduction in use of chest radiography to screen for lung cancer is a potentially important implementation measure. Harms of screening and follow-up tests in different settings should also be continually assessed. Incidence and mortality data related to lung cancer should continue to be monitored at the provincial, territorial and national levels.
Economic implications
Data from a microsimulation model (the Cancer Risk Management Model) were used to assess the costs and consequences of screening for lung cancer in Canada as recommended in the current guideline. 23 This model is based on the results of the National Lung Screening Trial but compares the costs and consequences of low-dose CT screening with no screening. We assessed the model according to task force processes, and it was deemed appropriate for use in this context. 24 Based on a scenario aligned with the current guideline, and assuming that 100% of patients meeting the eligibility criteria of the National Lung Screening Trial participated in screening (with 95% participating in rescreening as recommended), the incremental system cost would be $2.3 billion between 2014 and 2034. Although indirect costs were not incorporated in the model, the incremental cost-effectiveness ratio, compared with no screening, would be $74 000 per quality-adjusted life-year, 23 suggesting that (if done in centres with appropriate expertise) low-dose CT screening could represent reasonable value for money.
Several factors affect these estimates, including assumptions about rates of screening participation and rescreening compliance. However, screening remained economically attractive using conventional thresholds when rescreening adherence rates were varied within plausible ranges. 25 In addition, low-dose CT screening appeared to be more economically attractive when combined with a smoking cessation program. 23 
Other guidelines
These new recommendations generally align with other Canadian and international guidelines on screening for lung cancer (Table 1) . 4, 5, [26] [27] [28] [29] [30] [31] [32] However, the task force is taking a more conservative approach in recommending three annual scans rather than continuous annual or biennial scans.
Gaps in knowledge
There is limited evidence for the optimal duration (e.g., ongoing screening after the initial 3 annual scans) and interval (e.g., annual, biennial) for lung cancer screening. In addition, the cut point for a positive scan result varied across studies. Further research is needed to determine optimal management of lung nodules and diagnostic practices. Until such evidence is available, the protocol used in the National Lung Screening Trial should be used. 6 Further research is needed to determine whether risk assessment tools could be incorporated into the clinical algorithm, and what impact this would have on patient-important outcomes. Whether adults with other risk factors for lung cancer (e.g., exposure to radon, second-hand smoke and other toxic substances; occupational exposures; family history or prior radiation to the chest) or with less extensive smoking histories may also benefit from screening with low-dose CT is unknown. Better data on how to identify those who will not benefit from screening because of competing morbidities should be a high priority for future research.
Conclusion
The task force recommends screening for lung cancer with three consecutive annual low-dose CT scans among adults 55 to 74 years of age, with at least a 30 pack-year history of smoking, who smoke or who quit smoking within the previous 15 years. Among all other adults, regardless of age, smoking history or other risk factors, the task force recommends not to routinely screen for lung cancer with low-dose CT. The task force recommends not screening for lung cancer using chest radiography (with or without sputum cytology). Screen adults aged 55 to 74 years with a 30 pack-year or more smoking history who quit smoking less than 15 years ago, and adults aged 50 years or older with a 20 pack-year or more smoking history and 1 additional risk factor (other than exposure to second-hand smoke) for lung cancer with low-dose CT annually American Academy of Family Physicians (2013) 32 Insufficient evidence to recommend for or against screening for lung cancer with low-dose CT Note: CT = computed tomography.
